The induction period or oxidative stability index (OSI) 
INTRODUCTION
Frying is one of the favourable methods for processing food. The process essentially requires heating the oil at high temperatures ranging from 150°C and 200°C with the aim to provide optimum condition to dehydrate food. Immersion of food into hot oil causes water vapour evolution, and subsequently some of the oil penetrates into the food structure (Aguilera and Gloria-Hernandez, 2000) . Significant amount of oil absorbed into the fried food leads to the development of unique sensory attributes, such as texture, flavour, aroma and appearance that make the food more attractive and palatable (Ahmad and Ismail, 2007) . The simplicity, convenience and economic viability of this food processing technique contribute to promising demand of fried food.
Since frying oil is one of the key components in fried food, great attention must be paid to minimise oil quality loss during frying. It is a fact that such thermal treatment triggers a series of complex chemical reactions involving hydrolysis, oxidation and polymerisation that produce undesirable breakdown products and imparts off-flavour to the fried food (Zribi et al., 2014) . Description on the reactions occurring during frying is summarised in Table 1 . It is also important to note that these reactions can be more complicated when the breakdown products further interact with food residues. Other factors including fatty acid and food compositions also distinguish the extent of Interaction of oil and oxygen by two reaction stages; Peroxides, aldehydes, alcohols, (1) primary oxidation -formation of hydroperoxides and hydrocarbons, FFA (2) secondary oxidation -fission of hydroperoxides
Polymerisation
Oxidation of the secondary oxidation constituents at Polymerised and oxidised TAG, high temperature; and alteration of oil molecules or fatty dimers, cyclic fatty acid monomers acids by heat resulted in the formation of large molecules Note: TAG -triacylglycerol; DAG -diacylglycerol; FFA -free fatty acid. Source: Ahmad Tarmizi et al. (2016). life span of the oil used for frying (Bensmira et al., 2007; Karoui et al., 2011) .
Palm oil and particularly its liquid fractionthat is palm olein (POo) -has been proven as the most preferred oils used in various frying sectors, for instance domestic or household, fast food chains, mass catering and industrial frying (Matthäus, 2007) . Versatility of palm oil as a frying medium is due to its techno-economic advantages over other traditional vegetable oils and therefore often regarded as a heavy-duty oil with higher resistance against thermal adulteration (Ahmad Tarmizi and Ismail, 2008; Nallusamy, 2006) . Furthermore, consistency in the palm oil supply and attractive market price also encourage the use of this oil for various frying purposes.
Many publications have reported the performance of palm oil during heating and frying. Nonetheless, almost all of the studies performed are restricted to intermittent frying whilst published papers that emphasised on continuous frying are still inadequate. Higher cost associated to continuous frying trials and/or trade secret of the food processors for protecting their interest might be the reasons for this limitation (Ahmad Tarmizi and Ahmad, 2015; Ahmad Tarmizi and Ismail, 2014) . It is also worth to note that these frying protocols have completely different procedures which affect the rate of oil breakdown and thus frying performance at different extent. The physico-chemical changes occurring in palm-based oils during heating and frying has been extensively reviewed by Ahmad Tarmizi et al. (2016) .
Induction period or so called the oxidative stability index (OSI) is one of the methods used to examine the degree of oil to resist oxidation at elevated temperatures. Unlike peroxide and p-anisidine values -which provide static means of oil stability -induction period is a dynamic measurement which is able to provide an insight of oil providence during heating and frying . The Rancimat test is commonly used for predicting the induction period of oil under heating condition. Nevertheless, this indicator is least preferred analysis for assessing oil stability during frying since published papers that quantified induction period as one of the oil quality indicators is less than a quarter (Ahmad Tarmizi and Ismail, 2008; Cardoso-Ugarte et al., 2013; Farhoosh et al., 2009) .
Induction period can be expressed at various temperatures varying from 100°C to 130°C. In the case of POo, the induction period measured at 130°C, 110°C and 100°C are 13.7, 24.2 and 44.0 hr, respectively (Berger, 2005 ). It appears that the induction period is more or less doubles for every increment of 10°C. It is also established that the induction period decreases as a function of frying time; for example, the induction periods of 'Special Quality' and regular POo dropped from 25.5 to 17.5 hr and from 22.3 to 14.5 hr, respectively (Ahmad Tarmizi and Ismail, 2008) .
The objective of this article is to evaluate the oxidative stability of POo, soyabean oil (SBO), canola oil (CNO) and sunflower oil (SFO) as well as binary blends of POo with SBO, CNO and SFO, respectively and a tertiary blend containing POo, SBO and CNO after 72 hr of repeated frying. The results obtained by the Rancimat test would provide the indicative measure of oil stability with regards to induction period.
MATERIALS AND METHODS

Materials
Refined, bleached and deodorised (RBD) POo, SBO, CNO and SFO were supplied by MOI Foods Ingredients Sdn Bhd, (Pulau Indah, Selangor, Malaysia). Pre-fried French fries were purchased from a local supplier (Ramly Food Processing Sdn Bhd, Kuala Lumpur, Malaysia). The composition of the oils used for frying is tabulated in Table 2 . 
Frying Protocol
Intermittent frying experiments were conducted using 23-litre capacity stainless steel electrical open fryer fitted with two split pots (2 × 11.5 litres); this frying system is similar with the one used by Ahmad Tarmizi and Ahmad (2015) . The oil was first placed into the pots and heated to 180°C for 30 min prior to commissioning of frying session. For each pot, about 250 g of pre-fried French fries was fried for 3.5 min for every 30 min interval across 8 hr per day for nine days. At the end of each day, 0.5 litre of used oil was sampled using a dark amber bottle, flushed with nitrogen and stored at -20°C for subsequent analysis. The lids were placed on the pots and left overnight. In order to compensate for the amount of oil drawn out during sampling and oil absorbed by fried food, necessary amount of fresh oil was added into the fryers on the next day of frying operation to ensure constant level of 11.5 litres.
Induction Period
Induction period was measured using a 743 Rancimat (Metrohm, Herisau, Switzerland) at 110°C following the AOCS Official Method Cd 12b-92 (Firestone, 2009 ). About 0.3 g of oil sample was initially placed at the bottom of the reaction tube. The tubing from the air manifold was connected to the conductivity measurement tube. The aeration tube was then adjusted to within 5 mm from the bottom of the reaction and conductivity tube before measuring the air flow at 2.5 ± 0.2 ml s -1 . A plot of water conductivity versus time was profiled from a multi-channel strip chart recorder and the induction period reflection point was attest by a micro-processorcomputed slope algorithm. The induction period is defined as the point for which rapid changes as a result of oxidation, and expressed in hour (hr) .
Statistical Evaluation
Two frying sessions were performed for each type of oils while the oil samples underwent for oxidative stability test in duplicate. One-way analysis of variance (ANOVA) was carried out using Minitab software to compare data obtained for different frying intervals and oil types. The differences were considered significant when P < 0.05 at a confident level of 95%. Arrangement of data for statistical analysis was performed by using Microsoft Office Excel 2007.
RESULTS AND DISCUSSION
The induction period of fresh POo was the highest (28.1 hr), while all liquid oils displayed the values of no greater than 10 hr: 6.3 hr for SBO, 7.7 hr for CNO and 4.6 hr for SFO ( Table 3) . Addition of POo provides opportunity to enhance the oxidative stability of liquid oils. For instance, mixing 50% and 90% POo in SBO has boosted the stability of the latter oil by 70% and 252%, respectively ( Table 4) . Similar observation was also evidenced when CNO and SFO were blended with POo. Tertiary blend of POo with SBO and CNO gave an induction period of nearly 9 hr. Moreover, the results demonstrated that the induction period of fresh oil is predominantly correlated with the degree of saturation.
Results shown in Table 3 also demonstrate the decrease in the induction period in all oils for the first five days of frying was obvious before the values started to reach consistency until nine days of frying. The induction period of POo and blended oils containing 90% POo fell sharply from their initial values when French fries were intermittently fried for over nine days as opposed to liquid oils; nevertheless, the values for palmbased oils were found to be higher for the first three days of frying (Table 3 ). This can be explained from the basis of significant level of tocotrienols in POo that constitutes more than 70% of the total vitamin E content. The presence of three double bonds at the side chain of tocotrienols makes them more susceptible to deterioration when exposed to excessive heat in comparison to their tocopherols counterpart (Aladedunye and Przybylski, 2014) . Interestingly, a balance proportion of POo with SBO and CNO, respectively and a tertiary blend containing POo, SBO and CNO gave identical depreciation rate with that of their unary form; this however is not true for binary blend of 50% SFO. Despite the initial induction period of liquid oils were relatively lower, the oils were still capable to retain more than half of their initial values even after nine days of frying. It is also worth to mention that most vegetable oils including SBO, CNO and SFO only contain tocopherols which constitute the total vitamin E content (CODEX Alimentarius, 2001 ).
CONCLUSION
POo and its blends with soft oils namely SBO, CNO or SFO have greater induction period than in their pure form after 24 hr of frying. Albeit POo and its blends exhibited more or less equivalent induction period at the end of frying operation, this indicator alone cannot be used to conclude the extent of thermal resistance. Quality indices such as fatty acids composition and polar compounds are also crucial and reliable means to describe the oxidative state of oils used for frying.
